The difficulty of sex determination in most poultry species causes significant financial losses for poultry production as birds cannot be separated at early stages of growth for meat or egg production. Therefore it is important to determine bird's sex with zoometric parameters. This study was carried out to determine the sex of Japanese quails with zoometric measurements, such as live weight, body length, chest depth and chest width. Eighty-eight male and female Japanese quail chicks were used individually for live weight, chest depth (mm), chest width (mm) and body length (mm) with using digital scaled balance and caliper for every week over a period of six weeks. The weekly collected data were applied to t test for estimating the sex discrimination. The Pearson's correlation was applied for examining the interrelationship between sex and biometric traits. The results indicated that there was a significant positive correlation between live weight and body length beginning with the 2 nd week. Therefore, zoometric measurement of these body traits is suitable for discriminating the sex of Japanese quails in early phase of life.
Introduction
Quails participate an important role in poultry production as meat and egg production. The human tendency to consume protein coming from animals has made quail production even more important (Balcıoğlu et al., 2005) . Factors, such as a short generation interval, suitability for genetic improvement, the facts that the birds cover a small space and consume a small amount of feed have led to a frequent use of quails for breeding purposes (Koçak and Özkan, 2000) . Japan and China are the countries which are leading in studies on genetic selection in order to make more use of quail meat and eggs (Nazlıgül et al., 2001) . Japanese quails, which belong to the pheasant family Phasianidae, were first intensively produced in Japan in the 1920s. While quail breeding for egg production has been continued in that part of the world, it was continued particularly in Spain and France for meat production.
At an early age, gender determination according to the morphological characteristics of Japanese quail is not easy. After hatching, live weight increases continuously up to puberty. The sexual maturity of Japanese quails lasts 4-6 weeks. In female birds the increase in live weight goes on until the 6 th week of age and they generally start laying eggs during this period (Alkan et al., 2008b) . For this reason, the first six weeks are critical in order to determine values indicating information about certain yield traits (Cerit and Altınel, 1998) . Although it is easier to discriminate the sex from the 6 th week of age due to the larger body shape of female birds as well as through observing typical behaviour of male birds (Brunström et al., 2009) . This is too late since quails reach a weight suitable for sales markets after 5-6 weeks. Female birds have a higher live weight than male ones. However, the carcass rate of male birds is higher. This is because liver, digestive tract and genital system are lighter. It is commonly known that zoometrical body measurements show different results between the sexes. It is therefore possible to determine the sex of a bird in early weeks through zoometrical body measurements. In this study some important relations between sex and several body measurements are reported. The most important of these are wing length and live weight in female quails and chest width instead of wing length in male quails (Genç et al., 2009) .
Discrimination of sex in poultry is done using different methods such as examining of feet, neck, feather colour and length as well as cloaca control, radiographic examination, footprint and hormonal or operational methods (Cerit and Avanus, 2007) .Besides its importance for behavioural studies and wildlife management (Henry et al., 2015; Volodin et al., 2015) , determination of sex is crucial for the profitability of agribusinesses. Zoometric measurement as a tool in sex discrimination has been examined in, for instance, mockingbirds (Fuchs and Montalti, 2016) , owls (Tornberg et al., 2016) , coots (Minias, 2015) , Muscovy ducks (Oguntunji and Ayorinde, 2014) showing rather inconclusive results concerning predictability in terms of species and measurements traits.
It is of advantage that there are specific differences between the sexes in quails. These differences can be determined at a rate of 99% in one-day chicks. A deep rugae, a remarkable protrusion or a cavity at the edge of the dorsal cloaca are characteristic features of male birds. This characteristic is typically well developed in male birds. The colouring of the chest feathers in the 2 nd and 3 rd week of age is also a reliable indicator for sex discrimination. Spotted and reddish-brown feathers start sprouting in this period. From approximately the 6 th week on the large body shape of female birds and distinct behaviour of male birds can be recognized. During this period the production of cloacal foam can be observed in male quails (Tservem Gouss and Yannakopoulos, 1986) . These methods in discriminating the sex of quails are impractical for agricultural businesses due to expenditure and the need of qualified staff. It is therefore necessary to use alternative methods in discriminating the sex.
This study aims to assess the feasibility of using data of live weight, chest width, chest depth and body length in the first six weeks of age in order to discriminate the sex of Japanese quails. To the best of our knowledge there is no study explicitly examining the feasibility of using zoometric measurements to identify sex in quails.
Material and Method
88 Japanese quails (day old) were used in this 6-week study. The birds were held in battery cages without separating the female birds from the male ones. In the first week 23 hours illuminating was applied, after that 16 hours. The basal diet, which contained 20 % raw protein and 2900 kcal metabolizable energy, was given ad libitum ( Table 1) .
The animal were individually weighed every week with a scale accurate to 0.1 g over a period of 6 weeks. Head girth (the distance between left and right eye known as fibrous ring), body, length, beak (from apex to the end of os incisivum), wing length, body (the distance between near end of Ingluvies and distal end of cloaca), chest length (the distance between os sternum proximal and the distal end), chest breadth (bilateral, between both ends of Articulatio humeri) and metatarsus length (lower leg between the two joints). Chest circumference (radius covering Costalar sternum proximal and scapula) were conducted with a tape measure (Wickel et al., 1977) .
The obtained data were classified according to sexual factors and then processed statistically. T test was undergone on two independent samples in order to determine differences between weekly body measurements aimed at discriminating the sex of the quails. Pearson correlation test was used to reveal relations of body characteristics according to sex. The data were evaluated with SPSS 15.0 (2006). 
Results
The weekly averages for the individual male and female body characteristics are given in Table 2 . In week 1 there was no difference between the male and female quails in body measurements (P>0.05). In week 2 there was a highly significant difference in live weight and body length between female and male quails (P<0.01). According to these results both live weight and body length are higher in female than in male quails. In week 3 the same characteristics were found significant (P>0.05). In weeks 2 and 3 there was a difference in chest width and chest depth between the sexes (P>0.05). Although the body measurements for female birds were higher than those for male birds in week 4, these differences were statistically not significant (P>0.05). In week 5 live weight and body length were higher in female than in male birds and these differences were significant (P<0.05). Differences in chest width and chest depth, however, were not significant (P>0.05). As in the previous weeks live weight (P<0.05), body length and chest width (P<0.01) in female birds were higher than in male birds. The difference in chest depth, however, was found to be not significant (P>0.05).
The correlation values for live weight and the other body measurements are given in Table 3 . In week 1 the correlations between live weight and chest depth (33.9 %), body length and chest width (50.9 %) and between chest width and chest depth (39.1 %) in male quails were statistically significant (P<0.05). The correlations between live weight and body length, between live weight and chest width and between body length and chest depth were not significant (P>0.05). All correlations between body traits in female quails were highly significant (P<0.01).
Differently from week 1, all the correlations between zoometric body measurements in female quails were highly significant (P<0.01), while in male birds the correlations between live weight and body length (32.6 %), body length and chest depth (31.0 %) and between chest width and chest depth (57.8 %) showed the same levels of significance (P<0.05; P<0.01) as it was the case in week 1. The correlations between live weight and chest width, live weight and chest depth as well as body length and chest width were statistically not significant. In week 3 the correlation between zoometric body measurements were highly significant (P<0.01) in either sex. Moreover, there was a hundred per cent congruence between the sexes in the correlation between chest width and chest depth. The correlations of the other body measurements were above medium-level.
In week 4 correlations between body traits were found highly significant in both male and female quails. (P<0.01). Total congruence in some trait correlations between individual birds of the same sex was determined. In male birds, the correlations between body length and chest width (96.6%), body length and chest depth (96.5%) and chest width and chest depth (96.6%) showed congruence. This was the case in female birds for the correlations between body length and chest width (87%) and body length and chest depth (93.9%). The correlations between the other body characteristics were above medium level.
In week 5 the correlations between body characteristics of male and those of female birds were highly significant (P<0.01). There was, however a decrease in correlations between body characteristics which were congruent in weeks 3 and 4.
In week 6 the correlations between body characteristics of male and those of female birds were highly significant (P<0.01). The correlation between body length and chest depth in female birds, however, was less significant compared to the other values. The correlation of body characteristics between individual male birds and those between male individual birds were found to be at mediate level.
Discussion
The current study aimed to evaluate the feasibility of using zoometric measurements to discriminate sex in Japanese quails. The results suggest that feasibility depends on both the traits measured and the time (in weeks of age) of measurement. This general result indicates that different morphological measurements display different discriminating power as observed in other studies (see, for example Yakubu, (2011) , for Muscovy ducks; Perkins et al., (2009) , for clapper rails and king rails).
In the case of Japanese quails, live weight and body length are critical from week 2 on for discriminating the sex. Equivalent to this study, the study by Alkan et al. (2008a) has shown the significance of live weight for discriminating the sex of Japanese quails from week 2 on in a 6-week breeding period. Another study dealing with the effects of live weight and certain body characteristics on sexual factors found the effects of live weight and body length significant (Genç et al., 2009) . In this context it is worth reporting the effect of high live weight on the quality of sperm and an early beginning of the egg laying period (Türkmut et al., 1999) . There is a strong probability that birds which have a high live weight and body length from week 2 on are female. For this reason live weight and body length are particularly suitable for presuming the sex of Japanese quails in a selection at an early stage. Although in this study live weight and body length were high particularly in week 4, the difference of these traits between the sexes was statistically not significant; this emphasises the importance of the recording of live weight and body length in the first weeks as a criteria for sex discrimination.
The first six weeks of age are of highly important for both laying quails and broiler quails. A discrimination of the sex helps decide towards what yield the flock is going to be bred. Sex discrimination in large flocks, however, is connected to high expenditure of time and work. It is therefore preferable to use zoometric measurements of live weight and body length since high values of these traits suggest strongly that the birds are female even though they do not give absolute certainty. In line with other studies on different poultry species (Oguntunji and Ayorinde, 2014; Minias, 2015) this study suggests that sex discrimination in poultry through zoometric measurements may be a viable alternative to examining the protrusion at the edge of the dorsal cloaca in quail.
Given the potential benefits of zoometrical measurements for the understanding of ecological aspects and in management (Ruckstuhl and Clutton-Brock, 2005; Dechaume-Moncharmont et al., 2011) and accepting it as a method that is less invasive, relatively inexpensive and conducing to sex determination in birds (Montalti et al., 2012) further research, however, is indicated to test the applicability of this method.
